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ABSTRACT 
 
The study was carried out to determine the prevalence of the disease 
in cattle in Eldein area, East Darfur State, Western Sudan. Two hundred and 
fifty serum samples were collected   from 8 herds and different local breeds 
of Bagara cattle (Rizigat, Ambrarrow)   , Kenana, Butana, and Cross Fresian 
with different sex and ages from differen locations (Eldein, Abujabra, Bahar 
Elarb, Asalaia and Elfardoas).  The results  showed 21 (8.4%) positive using 
Rose Bengal Plate Test (RBPT). Serum Agglutination Test (SAT) showed 
50 (20%) positive and Competitive Enzyme Linked Immuno Sorbent Assay 
(cELISA) showed 5 (2%) positive. 
The history of cases indicated that 24 (9.6%) aborted cows, 20 (8%) 
with histories of retained placentas and 3 (1.2%) cases of knee hygromas. 
The results revealed that sex, age and breed were not associated with 
the disease according to statistical analysis (P>0.05). 
 There was a significants difference  (P<0.05) between serological 
tests. Using agreement between tests (Kappa Statistic) indicated that RBPT 
and SAT had moderate agreement (Kappa=0.547), RBPT and cELISA had 
fair agreement (Kappa=0.364) and SATand cELISA had slight agreement 
(Kappa=0.158). cELISA is the most sensitive and reliable test in field. 
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INTRODUCTION 
 
Brucellosis is a one of the highly contagious and most important zoonotic 
diseases in tropical area and a significant cause of reproductive losses in animals. 
(OIE, 2009). 
Animal brucellosis poses abarrier to trade in animals and animals product; it 
could seriously impair socio-economic development, especially for livestock 
owners (Corbel, 1973). Losses due to abortion or stillbirths, irregular breeding, loss 
of milk production and reduced human productivity are some of the economic 
consequences of the disease. The reduced human productivity can hardly be 
measured in medical care (Nicoletti, 1982). The Centre for Disease Control and 
Prevention lists Brucella as a possible bio-terrorist agent. However, it has never 
been successfully used in this manner (CDC, 2002). The centre also classifies B. 
abortus, B. melitensis and B. suis as “agents of mass destruction” and as category 
B organisms (Elzer, 2002). Bovine brucellosis is characterized by reproductive 
failure which can include abortion, birth of weak, unthrifty calves, orchitis and/or 
epididymitis in male. The organism causes abortion in cattle after the fifth month 
of pregnancy with retention of placenta, metritis and subsequent period of 
infertility. The proportion of cows that abort within a herd is variable and small 
percentage of infected cows abort more than once (Enright, 1990). 
Brucellosis is transmitted by ingesting infected food, direct contact with an 
infected animal, or inhalation of aerosols. Man is infected by animal’s brucellosis 
direct or indirectly by ingestion of animal products as well as by inhalation of the 
air borne agents. Animals that are commonly known to serve as sources of human 
infection are goat, sheep, cattle and swine, camels and dogs they known as carriers 
of Brucellae (Baldwin and Goenka, 2006). Brucellosis is usually an occupational 
disease; most cases occur in abattoir workers, veterinarians, hunters, farmers and 
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livestock producers. Sometimes infection occurs after drinking raw milk or eating 
unpasteurized cheese (Celebi et al., 2007). Man is susceptible to infection by Br. 
melitensis (Malta fever). 
The country incurs costs generated by prophylactic activities, control and 
eradication programme, hospitalization of human patients, cost of research, loss of 
work or in come and failure in financial investment (Chukwa, 1987) 
The disease is widely distributed and has been recorded in 120 out of the 
175 (68.8%) countries of the world (Nielson and Duncan, 1990). In Africa bovine 
brucellosis has been reported in 44 out of 49 African countries; Benin, Liberia, 
Equatorial Guinea, Mali and Morocco it has not been reported. In Arab countries, 
the disease has been reported from all the Arab countries except Morocco 
(Seimenis et al., 2006).  In Sudan Animal brucellosis was suspected as early as 
1904 and was first reported by Bennel (1943) in Khartoum, from a Friesian herd at 
Bulgravia dairy farm ,but the isolation of  Brucella abortus from local cattle was 
from  a cow which aborted at Juba  dairy farm (Dafalla,1962). Subsequntly many 
workers surveyed the disease in different animals species in different localities in 
Sudan. Brucellosis of cattle has been reported in different parts of Sudan and the 
prevalence rate was found to be higher in cattle compared to other animal species 
(Mohud, 1989, El-Sharif, 1994; El-Ansary and Mohammed, 2001). 
The bulk of the Rizeigat (tribe) reside at Eldein, southern Darfur state. They 
are mostly nomads. More than 80% of cattle in this area are kept under 
transhument system; where nomads migrate continuously from North to South in 
the dry season and vice versa in the wet season. During this movement. The 
nomads cover the area from borders of repuplic of South Sudan to Northern Darfur 
(Elfashir). During these movement, the nomadic animals intermix freely and share 
common waters, pastures, route and primises. Cattle route is Murhal and the 
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resting area is called Sineya. The migrating cattle rest for aday or two and then 
proceed northward. 
There are several other cattle raising tribes in Eldein who also share the 
Rizeigat the same pasture with occasional conflicts arising between them and the 
settled agriculturists on migration routes and watering points through trepassing on 
cultivated land of Murhal and Sineya. That lead to crowding of cattle in restricted 
area results into spreading of diseases.  
To avoid conflict between the nomadic cattle tribes passing through 
agricultural land, cattle routes have been organized through which migrating cattles 
are allowed to pass from south to north and back. 
Brucellosis in Eldein area may became an important and serious problem in 
animals and humans due to bad behaviors of consuming raw milks, passive 
manipulation with aborted cows or others. The Rizeigat cattle herding tribe were 
subject to disease problem with their cattle, therefore the study conducted 
estimation of rate of infection in Eldein area. 
The objectives of this study was: 
To investigate the seroprevalence of brucellosis among cattle in El-Ddein 
area,using Rose Bengal Plate Test,Serum Agglutination Test and Competitive 
Enzyme linked immunosorbant Assay.And to evaluate the sensitivity of these test 
in diagnosis of the disease in the filed. 
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CHAPTER ONE 
LITERATURE REVIEW 
1.1 Definition: 
Brucellosis remains an important disease in both human and domesticated 
animals. The important species of Brucella and their principal farm animal host are 
Brucella abortus (cattle), Brucella melitensis(goats), Brucella suis (pigs) and 
Brucella ovis (sheep). In general, the principal manifestation of brucellosis are 
reproductive failture, such as abortion or birth of unthrifty new born in the female, 
and orchitis and epidedymitis with frequent srerility in the male. Persistent 
infection is a charactersitic of this facultative intracellular organism,with shedding 
in reproductvine  and mammary secretions. (O. M. Radostits, et al., 2006) 
Brucellosis is also an important zoonosis causing a debilitating disease in humans. 
Because of the major economic impact on animal health and the risk of 
human disease, most countries have attempted to provide the resources to eradicate 
the disease from the domestic animal population. 
Control programs have employed two principal methods: vaccination of 
young or mature animals and the slaughter of infected and exposed animals, 
usually on the basis of a reaction to a serological tests. Brucellosis has been 
eradicated from cattle in several countries of the world and is nearly eradicated in 
others. However, it is still widespread and is an economically important 
agricultural disease in many countries. There are still many cases of human 
brucellosis reported each year in regions where the disease has not been eliminated 
in farm livestock. .(OIE,2009) 
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1.2 Caustive agent: 
Members of the genus Brucella are currently identified as: 
1. Br.melitensis (Hughes, 1893 and Meyer and Shaw, 1920). 
2. Br.abortus (Schmidt and Weis, 1901 and Meyer and Shaw, 1920). 
3. Br.suis (Huddlesson, 1929). 
4. Br.neotomae (Stonner and Lackman, 1957). 
5. Br.ovis (Buddle, 1956). 
6. Br.canis (Carmichael and Bruner, 1968). & Marine Brucella 
Members of the genus are cocci, coccobacilli or short rods. Arranged singly 
and less frequently in pairs, short chains or small groups .They are Gram-negative, 
non motile and do not produce flagella. They are aerobic possessing a respiratoty 
type of metabolism and having a cytochrome-based electron transport system with 
oxygen or nitrate as the terminal electron acceptor. Many strains require 
supplementary CO2 for growth especially on primary isolation.Colonies on serum 
dextrose agar or other clear medium are transparent, raised, convex, with an entire 
edge, a smooth shiny surface and appear to have a pale honey colour by 
transmitted light. Non smooth variants of the smooth species occur, but there are 
also stabe non smooth species with distinctive host range. The optimum 
temperature for growth is 37?  C and growth occurs between 20?  C and 
40? c.Optimum pH is 6.6-7.4. 
Members of the genus are catalase positive and usually oxidase positive, but 
negative strains occur. Most srrains reguire complex media containing several 
amino acids, thiamine, nicotinamide and magnesium ions. Some strains maybe 
induced to grow on minimal media containing an ammonium salt as the sole 
nitrogen source .Growth is improved by serum or blood but hemin (X-factor) and 
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nicotinamide adenine dinucleotide (NAD:V-factor) are not essential. Acid 
production does not occur from carbohydrates in conventional media, except for 
Br.neotomae Members of the genus do not produce indole and do not liquefy 
gelatin or inspissated serum .They do not lyse erythrocytes or produce methyl 
carbinol(-ve). They are negative for methyl red test. (Bergy1984) .They are 
intracellular parasites transmissible to a wide range of animal species including 
man .The mole % G +C of the DNA is 55-58. Type species is Br. Melitensis 
(Hughes, 1893 and Meyer and Shaw, 1920.) As cited by Corbel (1989) Brucella is 
not truly acid fast, but the organisms retain certain dyes including basic fuchsin in 
the presence of dilute acids or alkalies and this has this used as the basis of 
differentiating staining method .These methods are not specific for Brucella and 
other organisms with similar host and tissue preference including Chamydia 
psittaci and Coxiella burnetti show similar staining reactions. Compared with non 
pathogenic bacteria, Brcella has a substantial capacity to survive and persist in the 
enviroment under suitabe conditions. At low temperature, Brucella can survive in 
soil for up to ten weeks and in liquid manure for up to 2.5 years and in frozen 
carcasses for many years. If dried in the presence of excess protein and protected 
from sunlight may retain infectivity for years. The organism is sensitive to heat and 
is killed by pasteurization or by exposure to 60 ?  c for 30 minutes. It is readily 
killed by UV or Gamma rays under complete exposture. It is has no plasmids and 
resistance to certain antibiotics has been transferred following phage infection 
(Musa, 2005) 
Classification of genus Brucella: 
The present system of taxonomy for the genus Brucella is based on 
recommendation made by the subcommittee on Taxonomy of Brucella of the 
Internation Committee on Bacteriological Nomenclature in 1963 and subsequently 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϳ 
 
extended in later reports (1975, 1985 and 1984). Accordingly the species 
identification is done by two of properties: lysis by phages and oxidative metabolic 
profile on selected amino acids and carbohydrate substrates and for Br. Melitensis 
and Br.abortus and Brucella suis to the biovar level by 4 main tests; CO2 
requirement, H2S Production, dye (thionin and fuchsin) sensitivity and 
agglutination with monospecific and Mantisera (Alton,Jones,Angus and 
Verger,1988). Corbel (1990) metioned that the oxidative metabolic patterns 
showed fairly close relationship with phage lysis patterns and that both procedures 
were useful for identification of the nomen species. However and because of the 
hazards of  the former methods only phage lysis are used for identification in some 
laboratories.  (Musa, 2005). 
 Species Affected:  
Most species of Brucella are maintained in a limited number of reservoir 
hosts. Maintenance hosts for Brucella abortus include cattle, bison (Bison spp.) 
water buffalo (Bubalus bubalus), African buffalo (Syncerus caffer), elk and 
camels. A feral pig population was recently reported to maintain B. abortus in the 
U.S. Sheep and goats are the reservoir hosts for B. melitensis. Sheep are also the 
maintenance hosts for B. ovis. In addition, B. ovis occurs in farmed red deer 
(Odocoileus virginianus) in New Zealand. B. canis is maintained in dogs and B. 
neotomae in rodents. B. suis contains more diverse isolates than other Brucella 
species, and these isolates have broader host specificity. B. suis biovars 1, 2 and 3 
affect swine. Biovars 1 and 3 are found in both domesticated pigs (Sus scrofa 
domesticus) and wild or feral pigs. Biovar 2 currently occurs mainly in wild boar 
(Sus scrofa scrofa) and European hares (Lepus capensis); however, this biovar can 
be transmitted from these reservoirs to domesticated pigs, and spreads readily in 
these herds. Biovar 4 is maintained in caribou and reindeer (Rangifer tarandus and 
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its various subspecies). Biovar 5 is found in small rodents. Marine Brucella species 
have been found by culture or serology in many pinniped and cetacean species 
including seals, sea lions, walruses, porpoises, dolphins, whales and an European 
otter.  
Other species can become accidental hosts, particularly after close contact. 
B. abortus, B. melitensis and B. suis infections are reported occasionally in many 
species including horses, cattle, sheep, goats, camels, pigs, moose, chamois, alpine 
ibex, raccoons, opossums, dogs, coyotes, foxes and wolves. Experimental 
infections with marine mammal isolates have been described in cattle, sheep and 
guinea pigs, and unpublished experiments suggest that piglets can be infected 
transiently. In contrast, B. ovis and B. canis seem to be relatively host-specific. 
Experimental B. ovis infections have been reported in goats and cattle, but there is 
no evidence that these species are infected in nature. Dogs are the only species 
known to be naturally infected with B. canis, although antibodies to this organism 
have been found in other carnivores. Experimental B. canis infections can be 
established in domesticated livestock and chimpanzees; however, these species are 
considered highly resistant to natural exposure. (OIE,2009). 
1.3 EPIDEM IOLOGY: 
1.3.1 Occurrence and prevalence of infection: 
Brucellosis is an important disease of cattle and an important zoonosis 
worldwide. It is of major economic importance in developing countries that have 
not had a national brucellosis eradication program .The prevalence of infection 
varies considerably among herds, areas, and countries. Many countries have made 
considerable progress with their eradication programs and some have eradicated 
the disease. However, in other countries brucellosis is still a serious disease 
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problem facing the veterinary and medical professions. In Argentina, for example, 
the prevalence of infection in cattle is more than 10% and it is estimated that 20 
000 new cases of human brucellosis occur annually. (Radostits, et al.,2006) 
1.3.2 Cattle:  
Infection occurs in cattle of all ages but is most common in sexually mature 
animals, particularly dairy cattle. Abortions occur most commonly in outbreaks in 
unvaccinated heifers after the fifth month of pregnancy. Bulls are affected with 
orchitis, epididymitis, and seminal vesiculitis. The infection has been confirmed in 
cattle and water buffaloes in Trinidad. (Radostits, et al., 2006). 
1.3.3 Morbidity and Mortality:  
Brucellosis is usually an occupational disease; most cases occur in abattoir 
workers, veterinarians, hunters, farmers, reindeer/caribou herders and livestock 
producers. Brucellosis is also one of the most easily acquired laboratory infections. 
People who do not work with animals, tissues or bacterial cultures usually become 
infected by ingesting unpasteurized dairy products. Other cultural practices, such 
as eating bone marrow from reindeer and caribou incidentally infected with B. suis, 
are risk factors in some populations. In endemic areas, the reported incidence 
ranges from fewer than 0.01 to more than 200 cases per 100,000 population. 
Human brucellosis is rare in the U.S.; the annual incidence is less than 0.5 cases 
per 100,000 persons; approximately 100 cases have been reported annually for the 
past ten years. However, some studies suggest that this disease is underdiagnosed 
and underreported in the U.S.  
Many human infections are asymptomatic or self-limiting; however, some 
symptomatic infections can be prolonged, with slow recovery and a small 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϭϬ 
 
possibility of complications. Increased numbers of symptomatic infections could 
be seen after a biological attack with aerosolized bacteria. The incidence and 
severity of disease varies with the species of Brucella. B. melitensis is considered 
to be the most severe human pathogen in the genus. B. abortus and B. suis biovars 
1, 3 and 4 are also important human pathogens. B. suis biovar 2 and B. canis 
infections are rarely reported in humans. However, serologic studies have reported 
antibodies to B. canis in 13% of hospital patients in Mexico, 0.3% of sera tested in 
Germany, 0.4% of US military populations, 0.6% of Florida residents and 68% of 
Oklahoma residents. As of July 2007, only four human infections with marine 
mammal Brucella have been reported. One infection occurred in a researcher 
exposed in the laboratory. Two patients with community-acquired neurobrucellosis 
were reported in the U.S. The source of infection could not be determined in either 
case, but both patients had recently emigrated from Peru and regularly consumed 
raw fish (in cerviche) and unpasteurized cheese. One had no significant exposure 
to marine mammals; the other regularly swam in the ocean but had not been 
directly exposed to marine mammals. The fourth case occurred in New Zealand, in 
a man with spinal osteomyelitis. This patient had not been exposed to marine 
mammals, but he was a fisherman who had regular contact with uncooked fish bait 
and raw fish. He had also eaten raw freshly caught fish. 
Brucellosis is rarely fatal if treated; in untreated persons, estimates of the 
case fatality rate vary from less than 2% to 5%. Deaths are usually caused by 
endocarditis or meningitis. (OIE, 2009) 
1.3.4 Epidemic season: 
In general, brucellosis can be found in any season of a year.( GUL and 
KHAN 2007) The epidemic peak occurs from February to July  and is closely 
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related to the months associated with delivery and abortion in animals (Shang et 
al., 2002). In humans, prevalence of the disease is high (39.5%) in summer season 
(Salari et al., 2003). Notifications of human brucellosis, which are mandatory in 
Italy, reach a peak between April and June. However, considering the standard 
incubation period of 2-4 weeks, and the fact that lamb slaughter is traditionally at a 
peak during the Easter period, it might be expected that occupational exposure 
would result in a peak of human cases between March and May. The observed 
peak between April and June could be related to the production and consumption 
of fresh cheese, starting just after lamb slaughter (De-Massis et al., 2005). 
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1.3.5 Geographic Distribution:  
Brucellosis is found worldwide but it is well controlled in most developed 
countries. Clinical disease is still common in the Middle East, Asia, Africa, South 
and Central America, the Mediterranean Basin and the Caribbean. Brucella species 
vary in their geographic distribution. B. abortus is found worldwide in cattle-
raising regions except in Japan, Canada, some European countries, Australia, New 
Zealand and Israel, where it has been eradicated. Eradication from domesticated 
herds is nearly complete in the U.S. B. abortus persists in wildlife hosts in some 
regions, including the Greater Yellowstone Area of North America. B. melitensis is 
particularly common in the Mediterranean. It also occurs in the Middle East and 
Central Asia, around the Arabian Gulf and in some countries of Central America. 
This organism has been reported from Africa and India, but it does not seem to be 
endemic in northern Europe, North America (except Mexico), Southeast Asia, 
Australia or New Zealand. B. ovis probably occurs in most sheep-raising regions of 
the world. It has been reported from Australia, New Zealand, North and South 
America, South Africa and many countries in Europe.  
In the past, B. suis was found worldwide in swine-raising regions. This 
organism has been eradicated from domesticated pigs in the U.S., Canada, many 
European countries and other nations. However, it persists in wild and/ or feral 
swine populations in some areas, including the U.S., Europe and Queensland, 
Australia. Sporadic outbreaks are reported in domesticated herds or humans due to 
transmission from this source. B. suis continues to occur in domesticated herds in 
some countries of South and Central America (including Mexico) and Asia. B.suis 
biovars 1 and 3 are found worldwide, but other biovars have a limited geographic 
distribution. Biovar 2 occurs in wild boar in much of Europe. Biovar 4 (rangiferine 
brucellosis) is limited to the Arctic regions of North America and Russia including 
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Siberia, Canada and Alaska. Biovar 5 (murine brucellosis) is found in the former 
USSR.  
B. canis probably occurs throughout most of the world; however, New 
Zealand and Australia appear to be free of this organism. Brucella species also 
seem to be widespread in marine mammal populations. Culture-positive or 
seropositive animals have been found in the North Atlantic Ocean, the 
Mediterranean Sea, and the Arctic including the Barents Sea. Infected or exposed 
animals have also been found along the Atlantic and Pacific coasts of North 
America; the coasts of Peru, Australia, New Zealand and Hawaii; and in the 
Solomon Islands and the Antarctic, (OIE,2009). 
1.3.6 Status of brucellosis in regions of the world and countries:  
The status of brucellosis in regions of the world and countries varies 
considerably. The following is a summary of the status of brucellosis in various 
regions of then world as of 2002. 
Romania: 
Romania, like many other developed countries, eradicated B. abortus from 
cattle in 1969 12 the incidence of brucellosis in sheep and pigs is rare and B. 
melitensis has never been reported. Vaccination against brucellosis is prohibited. 
Countries in central and south-east Europe In Macedonia and Greece, 
brucellosis occurs in sheep, goats, and humans, associated with B. melitensis In 
Greece, cows are infected with B. abortus or B. melitensis. In Croatia, B.suis 
biovar 2 is found in pigs. In Yugoslavia, brucellosis is endemic in some regions. A 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϭϰ 
 
financially well-supported control and eradication program such as that sponsored 
by the European Union is needed. (Radostits, et al., 2006). 
Kosovo: 
The overall serological prevalence of infection is 6.26% in sheep, 7.24% in 
goats and 0.58% in cattle.14 B. melitensis predominates as the cause of brucellosis 
in ruminants in Kosovo. 
Sub-Saharan Africa: 
 Brucellosis is an important disease among livestock and humans in sub-
Saharan Africa.1S The disease in cattle is prevalent and widespread and is caused 
primarily by B. abortus; B. melitensis and B.suis have been suspected. In sheep and 
goats, B. melitensis is common and the prevalence of infection is high. Brucellosis 
has occurred in pigs in these countries but information is limited. Brucellosis due 
to B. abortus is one of the most important diseases of camels in the arid and 
semiarid pastoralist areas of central, east, and west Africa. (Radostits, et al., 2006). 
Eritrea:  
Seroepidemiological surveys for brucellosis in Eritrea found a prevalence of 
8.2% in dairy cattle, with a herd prevalence of 35.9%.16, 17. The prevalence in 
sheep and goats was variable depending on the geographical area. In camels, the 
seroprevalence was 3.1%. (Radostits, et al., 2006). 
Near East: 
In the near East region, animal brucellosis affects almost all domestic 
animals, particularly cattle, sheep, and goats. Brucellosis occurs in camels in Saudi 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϭϱ 
 
Arabia, Kuwait, Oman, Iraq, Iran, Sudan, Egypt, Libya, and Somalia. In Egypt, 
brucellosis occurs in cattle, buffaloes, horses, and pigs. B. melitensis biovar 3 is 
the most commonly isolated species from animals in Egypt, Jordan, Israel, Tunisia, 
and Turkey. The highest incidence of human brucellosis occurs in Saudi Arabia, 
Iran, Palestinian Authority, Syria, Jordan, and Oman. Bahrain has none. Most 
human cases areassociated with B. melitensis, biovar 3 but B. abortus is 
increasingly being reported in humans. The control of brucellosis in these countries 
is very controversial, with varying emphases on different aspects of control. The 
most commonly used vaccines are B. abortus strain 19, B. melitensis Rev. 1, and 
B. abortus RB 51. Sri La n ka B. abortus is a major cause of abortion among cattle 
and buffaloes.19 the incidence of the disease is low and the small size of the 
country would facilitate an effective disease control program. (Radostits, et al., 
2006). 
India: 
Brucellosis was first recognized in India in 1942 and is endemic throughout 
the country. 20 the disease occurs in cattle, buffalo, sheep, goats, pigs, dogs, and 
humans. B. abortus biotype 1 in cattle and buffaloes and B. melitensis biotype 1 in 
sheep, goats, and humans are the predominant infective biotypes. Economic losses 
are considerable in an agrarian country such as India. There is no organized and 
effective brucellosis control program. Plans for a large-scale control program, 
including calfhood vaccination, are underway. A major constraint of a control 
program is that all slaughter of cows is banned and that segregation of seropositive 
cows until their death will therefore be necessary, but very costly. 
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China: 
Before the 1980s, human and animal brucellosis was severe. B. melitensis is 
most common in outbreaks.21 Sheep, cattle, and pigs are the main sources of 
infection for humans. Beginning in 1950, control programs have been in place and 
progress is being made towards control and eradication. 
Brazil: 
Bovine brucellosis due to B. abortus is the most prevalent Brucella infection 
in Brazil, followed by B. suis in pigs. B. melitensis and Brucella neotomae have 
not been isolated. The prevalence of bovine brucellosis ranged from 4-5 % in the 
period of 1989-1998. The disease is conside red endemic, with a higher incidence 
in regions with a higher cattle density.22 In 2001, a New National Program was 
launched, including compulsory vaccination of heifers aged 3-8 months, voluntary 
accreditation of free herds, voluntary monitoring of beef herds based on periodic 
sampling, regulatory tests for breeding stock prior to interstate movemen and 
entrance into livestock fairs and exhibitions, compulsory slaughter of cattle testing 
positive, and standardization of testing procedures through short courses for 
accredited veterinarians. (Radostits, et al., 2006). 
Paraguay: 
Brucellosis has existed in the country for many years. Most reports are on B. 
abortus in cattle, but B. melitensis and B. suis have been identified. In 2000, it was 
estimated that the prevalence of B. abortus in the cattle population was 3.15%. 23 a 
national campaign for the control and eradication of brucellosis was begun in 1978. 
The program is based on vaccination of calves at 3-8 months of age, testing and 
culling of seropositive animals, declaration of Brucella-free areas, and promotion 
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of Brucella-free Herd Certification Programs in dairy herds. For beef herds there is 
mandatory vaccination, control of movement of animals intended for breeding, 
including testing for those imported, destined to fairs and auctions. 
Venezuela: 
Brucellosis continues to be a serious disease for animal and human health in 
Venezuela.24 B. abortus is the most common biovar, causing high rates of abortion 
in cattle and buffalo. Based on the rapid agglutination plate test, the positive 
reactor rate ranges from 0.8-1.2%; usingthe ELISA the prevalence is 10.5%. A 
control program, in effect since 1968, consists of vaccination of calves with strain 
19 vaccine, and test and slaughter of positive reactors. Improved testing rnethods 
and vaccination of all female calves between 3 and 8 months of age, and 
revaccination at 10-15 months of age and adult cattle in high prevalence areas. 
Central America: 
 (Guatemala, Bel ize, Honduras, EI Salvador, Nicaragua, Costa Rica and 
Panama) B. abortus and B. suis infections occur in all Central American countries, 
and sheep and goat brucellosis associated with B. melitensis occurs in 
Guatemala.25 The estimated prevalence of bovine brucellosis ranges from 4-8% 
with a herd prevalence (dairy herds) of 10-25 % 25 A national control program 
based on vaccination of calves and test and slaughter of reactors has been 
unsuccessful. Possible reasons include inadequate economical support for 
vaccination and test and slaughter programs, and the high denity of Brucella 
infections.  
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Argentina: 
Brucellosis has been recognized in Argentina since the 19th century. 26 in 
2000, the individual cow prevalence was 5% and the herd prevalence 10-15%. 26 
in dairy cattle, the prevalence is estimated at 2-2.5%. The annual economic losses 
due to the disease in cattle have been estimated at US$60 000 000. A control 
program began in 1932 and successive changes have been issued since then. The 
current program mandates vaccination of all females with B. abortus strain 19 
between 3 and 8 months of age, and test and slaughter of positive animals. 
However, the compensation paid for reactors is inadequate and producers 
commonly retain the reactors in the herd. The program has been most successful in 
dairy herds, which receive incentive payments if the prevalence of infection is low. 
The disease has been found in pigs, goats, sheep, and dogs. Human brucellosisis an 
important disease in Argentina. Federal financial support is needed to assist the 
livestock industry to eradicate the disease. (Radostits, et al., 2006). 
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Mexico: 
Brucellosis is an important disease in Mexico 27 Five of the seven known 
Brucella species have been isolated, including B. melitensis biovars 1-3; B. abortus 
biovars1, 2, 4-6; B. suis biovar 1; Brucella canis and B. ovis. Brucellosis is 
endemic in the cattle, sheep, and goat populations. The disease is a trade barrier. 
Each year Mexico exports 1.2 million steers and heifers to the USA. The heifers 
must be spayed to minimize the risk of brucellosis transmission. A control program 
has been in effect since 1942 but vaccination was voluntary and the disposition of 
reactors inconsistent. Brucellosis is a significant public health problem in Mexico 
because 35 % of the milk and cheeses consumed are unpasteurized. As of 2002, 
about 3500 cases of human brucellosis are reported annually and it is estimated this 
figure represents only one-third of the actual cases. About 98% of cases are due to 
ingestion of contaminated dairy products (mainly goat cheeses). About 93% of 
human cases are infected with B. melitensis of goat origin. In 1993, a control 
program was reinforced with the creation of the National Commission for Bovine 
Tuberculosis and Brucellosis Eradication. In high-risk areas, massive vaccination 
programs of goats with B. melitensis Rev. 1 strain in adults and young females are 
being implemented, along with a Sanitary Package to improve goat and sheep 
health. In 1997, the use of B. abortus RB 51 vaccine was officially approved. 
Mexico is one of the few countries authorized to produce this live attenuated 
vaccine. To reduce abortions, a reduced dose is commercially produced for adult 
females. As of 2000, almost 1 million beef and dairy cattle, and 1 million goats are 
vaccinated annually; almost 97% of the dairy cattle population is vaccinated. 
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Canada and the USA: 
The status of bovine brucellosis in Canada and the USA is presented below 
under Bovine brucellosis associated with Brucella abortus. 
European Union:  
Bovine brucellosis Austria, Denmark, Finland, Germany, the Province 
Bolanzo (Italy), Luxembourg, Norway, Sweden, the Netherlands, and Great Britain 
have gained the status of being officially brucellosis free.2B Countries not 
officially brucellosis-free are France, Greece, Ireland, Italy, Portugal, and Spain. 
The prevalence of infection in countries not free of brucellosis is extremely 
diverse. The highest numbers of infected herds occurred in southern Europe: 
Greece, Spain, Italy, and, Portugal. The prevalence of infection has increased in 
both the Republic of Ireland and Northern Ireland. Both B. abortus and B. 
melitensis have been isolated from cattle; B. melitensis may be isolated from cattle 
in contact with sheep and goats. B. melitensis may cause isolated cases of abortion 
in cattlerather than outbreaks of abortion. 
Great Britain has been free from brucellosis since 1993 and is required by 
the European Union regulations to test 20% or more of both beef and dairy cattle 
below 24 months of age routinely. (Radostits, et al., 2006). 
1.3.7 Status of brucellosis in the Sudan: 
Brucellosis was first reported in the Sudan by Bennet in a dairy fram in 
Khartoum in 1943. Thereafter many investigators reported the disease in different 
species of animals in several states in the country. (Shigidi, 2010). 
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Many investigators isolalated the organisim from cattle in many part of the 
country (Khan, 1956; Dafalla, 1962; Shigidi ,1971and Razig ,1973; Ibrahim,1974; 
Musa and Mitchell, 1985; Khalafalla, Dafalla, and Bakiet, 1987; Musa, Jahans and 
Fadalla,1990) .The organisim was also isolated from camels in Butana area (Agab, 
Abass, ElJack  and Mamoun. 1995) . 
The prevelance of the disease in man, cattle, sheep and goats and the 
concluded than the highest prevelance rates were encountered in intensive farming 
system and under nomadic conditions. 
IN Darfur states, Wesrern Sudan, the prevelance of  the disease in cattle was 
investigated by Musa, (1990) and was  found  to range between 14 26% in South 
Darfur state which is Known to be  the richest  one in animals population  in the 
country . 
Musa (1995) cited  that, the prevelance of the diseases was highest in 
commercial  cattle (21.5%) followed by sedentary cattle (20%) ,nomadic cattle 
(15.2%) and  semi-nomadic cattle (8.5%).However higher incidence of the disease 
were noticed in sedentary dairy cattle and  in semi-nomadic cattle mixed with 
momadic herds. 
Several reasons made brucellosis endemic in the Sudan. Theses include: 
1. The rapid increase of livestock production. 
2. Lack of control of animal movement and increase in transboundary 
movement.  
3. Limited veterinary services. 
4. Unawareness of livestock keepers of the disease  
5. Lack of a nationally implemented strategy to control the disease.  
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1.4 Transimission: 
The disease is transmitted by ingestion, penetration of the intact skin and 
con· junctiva, and contamination of the udder during milking. The organism does 
not multiply in the environment but merely persists, and the viability of the 
organism outside the host is influenced by the existing environmental conditions. 
Grazing on infected pasture, or consuming other feedstuffs and water supplies 
contaminated by discharges and fetal membranes from infected cows, and contact 
with aborted fetuses and infected newborn calves are the most common methods of 
spread.  
Intraherd spread occurs by both vertical and horizontal transmission. 
Horizontal transmission is usually by direct contamination and, although the 
possibility of introduction of infection by flies, dogs, rats, ticks, infected boots, 
fodder, and other inanimate objects exists, it is not significant .The organism is 
ingested by the face fly, but is rapidly eliminated and there is no evidence for a role 
in natural transmission. Evidence exists for horizontal, dog-to-dog, cattle-to-dog, 
dog-to-cattle and dog-tohuman transfer of infection. The most likely and effective 
means of cattle-todog transfer is exposure to aborted fetuses or infected placental 
membranes, because dogs commonly ingest the products of parturition. (Radostits, 
et al., 2006). 
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1.4.1 Spread between herds: 
Movement of an infected animal from an infected herd to a susceptible 
noninfected herd is a common method of transmission. The rate of spread will 
depend on the level of surveillance testing. In Great Britain, which is officially 
brucellosis free, 20% or more of both beef and dairy cattle more than 24 months 
old are tested routinely. A simulation model indicates that reducing the level of 
testing would have a major effect on the rate of spread of infection. (Radostits, et 
al., 2006). 
1.4.2Spread between countries:  
A quantitative risk assessment model to determine the annual risk of 
importing brucellosis-infected breeding cattle into Great Britain from Northern 
Ireland and the Republic of Ireland, which are not brucellosis free, was develope 
estimated that bmcellosis could be imported from Northern Ireland every2.63 years 
and from the Republic of Ireland every 3.23 years. Following this assessment, the 
Department of Environment, Food and Rural Affairs introduced testing for all 
imported breeding cattle. Under this system, all imported animals are issued a 
passport that records their age and pregnancy status. This information enables 
identification of animals that require testing and provides an additional safeguard 
in maintaining official brucellosis status. (Radostits, et al., 2006). 
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1.4.3 Congenital infection: 
Congenital infection may occur in calves born from infected dams but its 
frequency is low. The infection occurs in utero and may remain latent in the calf 
during its early life; the animal may remain serologically negative until its first 
parturition, when it then begins to shed the organism, Calves born from reactor 
dams are serologically positive for up to 4-6 months because of colostral 
antibodies and later become serologically negative even though a latent infection 
may exist in a small proportion of these calves. The frequency of latent infections 
is unknown, but may range from 2.5-9%. (Radostits, et al., 2006). 
Latent infections in serologically negative animals are of some concern 
because they remain unnoticed and can potentially serve as a source of infection 
later. However, latent infections in calves born from infected cows are infrequent. 
The organism could not be isolated from any of 150 calves born to infected cows, 
135 of which were experiencing their first pregnancy after infection. In one report 
a heifer from a herd affected with widespread infection with B. abortus biotype 2 
was moved to a brucellosis-free herd and remained apparently free from 
brucellosis until 9 years later, when the same animal produced a strongly positive 
serological reaction and the same biotype was isolated from its milk. Such 
observations have resulted in the recommendation that calves from seropositive 
damsshould not be used for breeding. Even vaccinated heifers from seropositive 
dams can harbor a latent infection. There is a risk that 2.5% of heifer calves born 
from serologically positive dams will react in early adulthood and constitute a 
threat toa re-established herd. (Radostits, et al., 2006). 
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1.4.4 Survival of organism: 
The organism can survive on grass for variable periods depending on 
environmental conditions. In temperate climates, infectivity may persist for 100 
days in winter and 30 days in summer. The organism is susceptible to heat, 
sunlight, and standard disinfectants but freezing permits almost indefinite survival. 
The activity of several disinfectants against B. abortus has been examined, and 
representatives of the phenolic, halogen, quaternary ammonium, and aldehyde 
groups of disinfectants at 0.5% or 1.0% concentrations in the absence of serum 
generally inhibited a high concentration of the organism. (Radostits, et al., 2006). 
1.4.5 Uterine discharges a n d milk: 
A cow's tail heavily contaminated with infected uterine discharges may be a 
source of infection if it comes in contact with the conjunctiva or the intact skin of 
other animals. In the same way that the more common forms of mastitis can be 
spread during milking, B. abortus infection can be spread from a cow whose milk 
contains the organism to an uninfected cow. This may have little significance in 
terms of causing abortion but it is of particular importance in its effects on 
agglutination tests on milk and the presence of the organism in milk used for 
human consumption. (Radostits, et al., 2006). 
1.4.6 Bulls and semen: 
Bulls do not usually transmit infection from infected to noninfected cows 
mechanically. Infected bulls may discharge semen containing organisms but are 
unlikely to transmit the infection, the risk of spread from the bull is much higher, 
however, if the semen is used for artificial insemination. Some infected bulls are 
negative on serum agglutination tests and their carrier status can only be detected 
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bythe isolation of organisms from the semen or agglutination tests on seminal 
plasma. (Radostits, et al., 2006). 
1.4.7 Carrier cows: 
 Few infected cows ever recover from infection completely and should be 
considered as permanent carriers whether or not abortion occurs. Excretion of the 
organism in the milk is usually intermittent, is more common during late lactation 
and can persist for several years. In cattle vaccinated before infection the degree of 
excretion of B. abortus in the milk is less than in nonvaccinated animals. Embryo 
transfer from infected donors may be achieved without transfer of infection and 
superovulation is unlikely to reactivate the release of Brucella into the uterus 
during the period whenembryos are normally collected. Thus embryo transfer is a 
safe procedure for salvaging genetic material from infected animals. The herd 
characteristics and the results of the first herd test may be used as predictors of the 
potential presence or absence of B. abortus in herds with reactors to the tube 
agglutination test. The presence of only single suspicious reactors on the first test 
is a reliable predictor of lack of infection. The presence of one or more positive 
reactors on the first herd test is a reliable predictor of the presence of infection. 
(Radostits, et al., 2006). 
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1.5 Risk factors: 
The risk factors that influence the initiation, spread, maintenance, and/or 
control of bovine brucellosis are related to the animal population, management, 
and the biology of diseasey the variables that contribute significantly to 
seropositive animals are: 
· Size of farm premises 
· Percentage of animals on a 
· Premises that are inseminated artificially 
· Size of investment in livestock 
· Number of cows which aborted in the previous year, whether or not dairying 
is the major agricultural activity of the premises  
· Policy of the owner with regard to disposal of reactor animals. 
The longer infected animals are in contact with the remainder of the herd, 
the greater will be the ultimate number of seropositive animals. In a defined 
geographical area in northern Mexico where a brucellosis control program did not 
exist, the greatest percentage of seropositive animals was related to larger farms, 
poor artificial insemination technique, and small financial investment in the farm. 
From a practical viewpoint, the factors influencing the transmission of 
brucellosis in any given geographical region can be classified into two fundamental 
categories: those associated with the transmission of disease between herds and 
those influencing the maintenance and spread of infection within herds. Factors 
influencing interherd transmission include the purchase of infected replacement 
animals and are in turn influenced by frequency of purchase, source of purchase, 
and brucellosis test history of purchased animals. The proximity of infected herds 
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to clean herds is an important risk factor. Cattle contacts at fence lines, sharing of 
pastures and strays of infected animals into clean herds are common methods by 
which transmission occurs to adjacent herds. 
The risk factors associated with spread of the disease within a herd include 
unvaccinated animals in infected herds, herd size, population density, method of 
housing, and use of maternity pens. Large herd sizes are often maintained by the 
purchase of replacement cattle, which may be infected. It is also more difficult to 
manage large herds, which may lead to managerial mistakes that allow the disease 
to spread. There is a positive association between population density (number of 
cattle to land area) and disease prevalence, which is attributed to increased contact 
between susceptible and infected animals. The use of maternity pens at calving is 
associated with a decrease in the prevalence of infection, presumably due to 
decreasing the exposure of infected and susceptible animals. (Radostits, et al., 
2006). 
1.5.1Animal risk factors: 
Susceptibility of cattle to B. abortus infection is influenced by the age, sex, 
and reproductive status of the individual animal. Sexually mature, pregnant cattle 
are more susceptible to infection with the organism than sexually immature cattle 
of either sex. Natural exposure to field strains occurs primarily at the time of 
parturition of infected cows. The greater the number of infected cows that abort or 
calve, the greater the exposure risk to the other cattle in the herd. An important 
application of this observation is that infected cows need to be removed from the 
herd prior to parturition. Thus the stage of gestation and parturition are more 
important factors in herd plans than early removal of postparturient infected cows 
following whole-herd strain -19 vaccination. Young cattle are less susceptible to B. 
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abortus than older, sexually mature cattle. Susceptibility appears to be more 
commonly associated with sexual maturity than age. Young, sexually Ilidnature 
cattle generally do not become infected following exposure, or recover quickly. 
Susceptibility increases with pregnancy and as the stage of gestation increases. The 
probability of isolation of the organism at parturition increased from 0.22 to 0.90 
as fetal age at exposure of nonvaccinated heifers increased from 60 to 150 
gestation days. The stage of pregnancy at experimental challenge exposure of 
strain -19 vaccinated heifers is positively associated with the proportion of animals 
that become infected. Nonvaccinated young cattle are also at high risk of 
brucellosis if exposed to pathogenic strains of the organism. In cattle vaccinated as 
yearling heifers, the risk of brucellosis is also related to the number of organisms in 
the vaccine. The risk of brucellosis in heifers vaccinated with 108,109, or 1010 of 
strain 19 was, respectively, one-third, one-seventh, or one-17th that of diluent 
controls or nonvaccinated heifers. (Radostits, et al., 2006). 
1.5.2 Management risk factors: 
The spread of the disease from one herd to another and from one area to 
another is almost always due to the movement of an infected animal from an 
infected herd into a noninfected susceptible herd. The unregulated movement of 
cattle from infected herds or areas to brucellosis-free herds or areas is the major 
cause of breakdowns in brucellosis eradication programs. A case-control study of 
brucellosis incanada indicated that herds located close to other infected herds and 
those herds whose owners made frequent purchases of cattle had an increased risk 
of acquiring brucellosis. Once infected, the time required to become free of 
brucellosis was increased by large herd size, by active abortion and by loose 
housing. (Radostits, et al., 2006). 
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1.5.3 Pathogen risk factors: 
B. abortus is a facultative intracellular parasite capable of multiplication and 
survival within host phagocytesy the organisms are phagocytosed by 
polymorphonuclear leukocytes in which some survive and multiply. These are then 
transported to lymphoid tissues and fetal placenta. The inability of the leukocytes 
to effectively kill virulent B. abortus at the primary site of infection is a key factor 
in the dissemination to regional lymph nodes, other sites such as the 
reticuloendothelial system, and organs such as the uterus and udder. The organism 
is able to survive within macrophages because it has the ability to survive 
phagolysosome. The bacterium possesses an unconventional non-endotoxic 
lipopolysaccharide, which confers resistance to antimicrobial attacks and 
modulates the host immune response. 14 these properties make lipopolysaccharide 
an important virulence factor for Brucella survival and replication in the host.  
Brucellas are able to survive within host leukocytes and may utilize both 
neutrophils and macrophages for protection from humoral and cellular bactericidal 
mechanisms during the periods of hematogenous spread. The placenta is a favored 
site for replication of the organism. Large numbers of the organism can be found in 
chorionic trophoblasts, which contain metabolically active cells capable of 
producing a variety of hormones and secretory proteins that may stimulate 
thegrowth of brucellas. The ability to survive in the host may explain both the 
transitory titers occurring in some animals following isolated episodes of 
bacteremia and the disappearance of titers in animals with latent infection. 
Three major groups of outer membrane proteins have been identified in 
Brucella Spp. 15 Certain mutants of B. abortus lack a major 25 kDa outer 
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membrane protein (Omp25), which renders them unable to replicate efficiently in 
bovine phagocytes and chorionictrophoblasts. (Radostits, et al., 2006) 
1.5.3Susceptibility:  
The duration of acquired immunity is uncertain.  
1.5.4Incubation period:  
The incubation period for brucellosis is highly variable, ranging from 5–60 
days; illness most commonly occurs about 1 month after exposure. (Larry K.2003) 
1.5.4 Economic importance: 
Losses in animal production due to this disease can be of major importance, 
primarily because of decreased milk production in aborting cows. The common 
sequel of infertility increases the period between lactations, and in an infected herd 
the average intercalving period may be prolonged by several months. In addition to 
the loss of milk production, there is the loss of calves and interference with the 
breeding program. · This is of greatest importance in beef herds, where the calves 
represent the sole source of income. A high incidence of temporary and permanent 
infertility results in heavy culling of valuable cows, and some deaths occur as a 
result of acute metritis following retention of the placenta. (Radostits, et al., 2006). 
1.6 Diagnosis of Brucella: 
The isolation and identification of Brucella offers a definitive diagnosis of 
brucellosis and may be useful for epidemiological purposes and to monitor the 
progress of a vaccination programme in animals. Brucella represents a risk to 
personnel handling it in the laboratory. Attention must be paid to the local legal 
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requirements for handling Brucella and it is essential that certain minimum 
standards of laboratory safety are adhered to.  
Diagnosis in animals: 
Diagnosis and control of the disease in animals must be carried out on a herd 
basis. There may be a very long incubation period in some infected animals and 
individuals may remain serologically negative for a considerable period following 
infection. The identification of one or more infected animals is sufficient evidence 
that infection is present in the herd, and that other serologically negative animals 
may be incubating the disease and present a risk. Diagnostic tests fall into two 
categories: those that demonstrate the presence of the organisms and those that 
detect an immune response to its antigens. The isolation of Brucella is definitive 
proof that the animal is infected, but not all infected animals give a positive culture 
and the methods and facilities that must be employed are not always readily 
available. The detection of antibody or a hypersensitivity reaction provides only a 
provisional diagnosis, but in practice is the most feasible and economic means of 
diagnosis. False positive reactions to serological tests can occur through a number 
of factors, including vaccination, and this must be borne in mind when interpreting 
results. Similarly, dermal hypersensitivity only indicates previous exposure to the 
organism, not necessarily active infection, and may also result from vaccination. 
(Corbel., 2006). 
1.6.1 Bacteriological methods: 
The isolation and identification of Brucella offers a definitive diagnosis of 
brucellosis and may be useful for epidemiological purposes and to monitor the 
progress of a vaccination programme. It should be noted that all infected materials 
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present a serious hazard, and they must be handled with adequate precautions 
during collection, transport and processing. (M.J. Corbel. 2006) 
1.6.1.1 Stained smears: 
Smears of placental cotyledon, vaginal discharge or fetal stomach contents 
may be stained using modified Ziehl-Neelsen (Stamp) or Kosters’ methods. The 
presence of large aggregates of intracellular, weakly acid-fast organisms with 
Brucella morphology is presumptive evidence of brucellosis. Care must be taken 
as other infectious agents such as Coxiella burnetii or Chlamydia may superficially 
resemble Brucella (Corbel. 2006) 
1.6.1.2 Culture: 
Brucella may most readily be isolated in the period following an infected 
abortion or calving, but isolation can also be attempted post-mortem. Brucella are 
excreted in large numbers at parturition and can be cultured from a range of 
material including vaginal mucus, placenta, fetal stomach contents and milk using 
suitable selective culture media. It is of the utmost importance that faecal and 
environmental contamination of the material is kept to a minimum to give the 
greatest chance of successfully isolating Brucella. If other material is unavailable 
or grossly contaminated, the contents of the fetal stomach will usually be otherwise 
sterile and are an excellent source of Brucella. 
In some circumstances it may be appropriate to attempt the isolation of 
Brucella post-mortem. Suitable material includes supramammary, internal iliac and 
retropharyngeal lymph nodes, udder tissue, testes and gravid uterus. Milk samples 
should be allowed to stand overnight at 4 °C before lightly centrifuging. The cream 
and the deposit are spread on to the surface of at least three plates of solid selective 
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medium. Placental samples should be prepared in the field by selecting the least 
contaminated portion and cutting off pieces of cotyledon. In the laboratory, the 
portions should be immersed in alcohol which should be flamed off before cutting 
with scissors or scalpel and smearing the cut surface on three plates of selective 
medium. Other solid tissues can be treated in a similar manner, or, ideally, they 
should be macerated mechanically following flaming before plating out. The 
tissues may be ground manually or homogenised in a blender or stomacher with a 
small proportion of sterile water. Fetal stomach contents are collected, after 
opening the abdomen, by searing the surface of the stomach with a hot spatula and 
aspirating the liquid contents with a Pasteur pipette or syringe. 
Bacterial colonies may be provisionally identified as Brucella on the basis of 
their cultural properties and appearance, Gram staining, and agglutination with 
positive antiserum if available, a PCR-based molecular identification method may 
be used. Definitive identification of suspect colonies can only be made using 
techniques available at Brucella Reference Centres. (Corbel. 2006). 
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1.6.2 Serological methods: 
The detection of specific antibody in serum or milk remains the most 
practical means of diagnosis of brucellosis. The most efficient and cost-effective 
method is usually screening all samples using a cheap and rapid test which is 
sensitive enough to detect a high proportion of infected animals. Samples positive 
to screening are then tested using more sophisticated, specific confirmatory tests 
for the final diagnosis to be made. It is absolutely essential that only internationally 
recognized tests using antigens standardized against the 2nd International anti-B. 
abortus Serum are used. Appropriate quality control sera should be included with 
each batch of tests, and tests should be repeated if the quality control criteria are 
not met. 
Serological results must be interpreted against the background of disease 
incidence, use of vaccination and the occurrence of false positive reactions due to 
infection with other organisms. As with all laboratory based diagnosis, it is 
imperative to correctly identify the “audit trail” of individual animal identity, 
sample number and test result so that there is complete certainty of the linkage 
between animal and result. (Corbel. 2006). 
1.6.2.1 Rose Bengal plate test (RBT): 
The RBT is one of a group of tests known as the buffered Brucella antigen 
tests which rely on the principle that the ability of IgM antibodies to bind to 
antigen is markedly reduced at a low pH. The RBT and other tests such as the 
buffered plate agglutination tests and the card test play a major role in the 
serological diagnosis of brucellosis worldwide. The RBT is a simple spot 
agglutination test where drops of stained antigen and serum are mixed on a plate 
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and any resulting agglutination signifies a positive reaction. The test is an excellent 
screening test but may be oversensitive for diagnosis in individual animals, 
particularly vaccinated ones. 
The procedure can be automated but this requires custom-made equipment. 
(Corbel. 2006). 
1.6.2.2 ELISA tests: 
The ELISA tests offer excellent sensitivity and specificity whilst being 
robust, fairly simple to perform with a minimum of equipment and readily 
available from a number of commercial sources in kit form. They are more suitable 
than the CFT for use in smaller laboratories and ELISA technology is now used for 
diagnosis of a wide range of animal and human diseases. Although in principle 
ELISAs can be used for the tests of serum from all species of animal and man, 
results may vary between laboratories depending on the exact methodology used. 
Not all standardization issues have yet been fully addressed. For screening, the test 
is generally carried out at a single dilution. It should be noted, however, that 
although the ELISAs are more sensitive than the RBT, sometimes they do not 
detect infected animals which are RBT positive. It is also important to note that 
ELISAs are only marginally more specific than RBT or CFT. (M.J. Corbel.2006). 
1.6.2.3 Serum agglutination test (SAT): 
The SAT has been used extensively for brucellosis diagnosis and, although 
simple and cheap to perform, its lack of sensitivity and specificity mean that it 
should only be used in the absence of alternative techniques. (Corbel. 2006). 
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1.6.2.4 Complement fixation test (CFT): 
The sensitivity and specificity of the CFT is good, but it is a complex 
method to perform requiring good laboratory facilities and trained staff. If these are 
available and the test is carried out regularly with good attention to quality 
assurance, then it can be very satisfactory. 
It is essential to titrate each serum sample because of the occurrence of the 
prozone phenomenon whereby low dilutions of some sera from infected animals do 
not fix complement. This is due to the presence of high levels of non-complement 
fixing antibody isotypes competing for binding to the antigen. At higher dilutions 
these are diluted out and complement is fixed. Such positive samples will be 
missed if they are only screened at a single dilution. In other cases, contaminating 
bacteria or other factors in serum samples fix or destroy complement causing a 
positive reaction in the test, even in the absence of antigen. Such “anti-
complementary” reactions make the test void and a CFT result cannot be obtained. 
(Corbel. 2006). 
1.6.2.5 Supplementary tests: 
Many other serological tests have been employed. Some, such as the Rivanol 
or 2-ME test, are variations of the SAT and, although more specific, share many of 
its disadvantages. At present, the use of such procedures in the place of the 
standard test is not advised. (Corbel. 2006).  
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1.6.3 Milk testing: 
In dairy herds, milk is an ideal medium to test as it is readily and cheaply 
obtained, tests can be repeated regularly and give a good reflection of serum 
antibody. Milk from churns or the bulk tank can be screened to detect the presence 
of infected animals within the herd which can then be identified by blood testing. 
This method of screening is extremely effective and is usually the method of 
choice in dairy herds. (Corbel. 2006). 
1.6.3.1 Milk ring test: 
The milk ring test (MRT) is a simple and effective method, but can only be 
used with cow’s milk. A drop of haematoxylin-stained antigen is mixed with a 
small volume of milk in a glass or plastic tube. If specific antibody is present in the 
milk it will bind to the antigen and rise with the cream to form a blue ring at the 
top of the column of milk. The test is reasonably sensitive but may fail to detect a 
small number of infected animals within a large herd. Non-specific reactions are 
common with this test, especially in brucellosis free areas. The milk ELISA is far 
more specific than the MRT. (Corbel. 2006). 
1.6.3.2Milk ELISA: 
The ELISA may be used to test bulk milk and is extremely sensitive and 
specific, enabling the detection of single infected animals in large herds in most 
circumstances. (M.J. Corbel. 2006).  
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1.6.4 Fluorescence polarization assay: 
This technique, which requires special reagents and reading equipment, is 
claimed to have advantages in sensitivity and specificity over other methods. 
Evaluation has been limited however, and the procedure is not widely available. 
Further information is required before its overall value can be assessed. (Corbel. 
2006). 
1.6.5 Intradermal test: 
This procedure, using a standardized antigen preparation such as Brucellin 
INRA or Brucellergene OCB, can be used for monitoring the status of herds in 
brucellosis-free areas. It is sensitive and specific but false positive reactions can 
occur in vaccinated animals. (Corbel. 2006). 
1.7 Prevention, control and eradication of animal brucellosis: 
The justifications for prevention of the introduction of brucellosis into 
populations of animals are the same as those for the control of the disease in 
populations which are already infected: economic benefits and the protection of 
public health. 
Brucellosis is a zoonosis with a strong correlation between animal and 
human diseases. While public health measures such as pasteurisation and education 
have varying degrees of success, it remains primarily a veterinary responsibility to 
control brucellosis, including application of principles of epidemiology and animal 
husbandry. (Corbel. 2006). 
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1.7.1 Prevention: 
It is nearly always more economical and practical to prevent diseases than to 
attempt to control or eliminate them. For brucellosis, the measures of prevention 
include: 
· Careful selection of replacement animals. These, whether purchased or 
produced from existing stock, should originate from Brucella-free herds or 
flocks. Pre-purchase tests are necessary unless the replacements are from 
populations in geographically circumscribed areas that are known to be free 
of the disease. 
· Isolation of purchased replacements for at least 30 days. In addition a 
serological test prior to commingling is necessary. 
· Prevention of contacts and commingling with herds of flocks of unknown 
status or those with brucellosis. 
· If possible, laboratory assistance should be utilized to diagnose causation of 
abortions, premature births, or other clinical signs. Suspect animals should 
be isolated until a diagnosis can be made. 
· Herds and flocks should be included in surveillance measures such as 
periodic milk ring tests in cattle (at least four times per year), and testing of 
slaughtered animals with simple screening serological procedures such as 
the RBT. 
· Proper disposal (burial or burning) of placentas and non-viable fetuses. 
Disinfection of contaminated areas should be performed thoroughly. 
Cooperation with public health authorities to investigate human cases. 
Animal brucellosis, especially when caused by B. melitensis, can often be 
identified through investigations of cases in humans. (M.J. Corbel. 2006). 
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1.7.2 Control: 
The aim of an animal control programme is to reduce the impact of a disease 
on human health and the economic consequences. The elimination of the disease 
from the population is not the objective of a control programme, and it is implicit 
that some “acceptable level” of infection will remain in the population. Control 
programmes have an indefinite duration and will need to be maintained even after 
the “acceptable level” of infection has been reached, so that the disease does not 
re-emerge. In many countries, methods for the control of brucellosis are backed by 
governmental regulation/legislation. In others, no authorities exist. Therefore, the 
procedures for management of infected herds and flocks may vary widely. 
Nevertheless, certain principles apply, namely: 1) the reduction of exposure to 
Brucella spp. and 2) the increase of the resistance to infection of animals in the 
populations. These procedures may be further classified under the general 
categories of test and isolation/slaughter, hygiene, control of animal movement, 
vaccination. (Corbel. 2006). 
Vaccination is an extremely important and effective facet of most control 
strategies but has the disadvantage that its use may confuse diagnosis by 
stimulating the production of hypersensitivity or antibodies detectable by 
serological tests. Antibody titres may persist for a prolonged period in a small 
proportion of vaccinated animals and this proportion increases with age at 
vaccination. To reduce this problem, in cattle vaccination is usually employed in 
young animals below the age of six months, but may be used in adults if a reduced 
dose is given, especially by the intraconjunctival route. There is currently no 
widely available test that is able to distinguish vaccinated from infected animals, 
although some tests are under evaluation. 
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It is of utmost importance that the use of vaccination is strictly controlled, 
that it is used at the correct age, that vaccine of sufficient quality is used and that 
vaccinated animals are correctly identified. If this is not the case, correct 
serological diagnosis is confused. The vaccination programme can be suspended 
when the prevalence of the disease reaches a very low level, when the 
disadvantages of vaccination outweigh any benefit that it may bring on the basis of 
cost-benefit and cost-effectiveness analysis. (Corbel., 2006). 
1.7.2.1Test and isolation/slaughter: 
There are no pathognomonic signs of brucellosis in animals at individual 
level; the occurrence of abortion storms in naive herds/flocks is usually a strong 
indicator of infection. Therefore, serological (and sometimes allergic) tests are the 
usual method of identifying possible infected animals. Bacteriological procedures 
are useful for confirming test results and for epidemiological studies. 
The decision about slaughter of test-positive animals is made after 
regulatory, economic and prevalence factors are considered. In most cases, test and 
slaughter of positive animals is only successful in reducing the incidence if the 
herd or flock prevalence is very low (e.g. 2%). Retention of positive animals is less 
hazardous if the remaining animals have been vaccinated but should only be 
considered as a last resort. The isolation of test-positive animals is essential, 
especially during and after parturition. The immediate slaughter of test-positive 
animals is expensive and requires animal owner cooperation. Compensation is 
usually necessary. Furthermore, the application of test and slaughter policies is 
unlikely to be successful with brucellosis of sheep and goats where the diagnostic 
tests are less reliable than in cattle. Test and slaughter is also unlikely to be 
successful in cattle if the remainder of the herd is unvaccinated, especially in large 
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populations. Repeated herd or flock tests are necessary to further reduce the 
incidence of brucellosis and to confirm elimination. (Corbel. 2006). 
1.7.2.2 Hygiene: 
The goal in the application of hygiene methods to the control of brucellosis 
is reduction of exposure of susceptible animals to those that are infected, or to their 
discharges and tissues. This is a classical procedure in disease control. Factors such 
as the methods of animal husbandry (e.g. commingling of herds or flocks), patterns 
of commerce, prevalence of clinical signs, type of facilities, and degree of 
dedication of the owners of animals, will also determine success. Owners are often 
poorly informed about disease transmission and recommendations, such as 
separation of parturient animals, can be difficult or impossible to implement. 
Antibiotic treatment of known infected animals, or of those which are 
potentially exposed to them, has not been commonly used and it should be ruled 
out as an option in the control of brucellosis. A limited number of studies have 
shown rapid reductions in the incidence of brucellosis when the herd of flock was 
treated but this procedure is considered to be restricted in practice. Treatment has 
been used in animals of special breeding value, but because of the uncertain 
outcome it is not generally recommended. (Corbel. 2006). 
1.7.2.3 Control of animal movement: 
This may be regarded as an aspect of hygiene. However, it is essential in any 
programme to limit the spread of brucellosis. Animals should be individually 
identified by brand, tattoo or ear tag. Unauthorized sale or movement of animals 
from an infected area to other areas should be forbidden. Similarly, importations 
into clean areas must be restricted to animals that originate from brucellosis-free 
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areas, that have a herd/flock history of freedom from the disease and that have 
given negative reactions to recently performed diagnostic tests. 
In practice, it is much more difficult to control the movement of camels and 
small ruminants kept under nomadic or semi-nomadic conditions than that of beef 
or dairy cattle kept under intensive conditions. The owners of herds and flocks may 
be accustomed to seasonal migrations which may cross national boundaries. 
(Corbel. 2006). 
1.7.2.4 Vaccination: 
There is general agreement that the most successful method for prevention 
and control of brucellosis in animals is through vaccination. While the ideal 
vaccine does not exist, the attenuated strains of B. melitensis strain Rev.1 for sheep 
and goats and B. abortus strain 19 have proven to be superior to all others. The 
non-agglutinogenic B. abortus strain RB51 has been used in the USA and some 
Latin American countries, with encouraging results. The source and quality of the 
vaccines are critical. The dosages and methods of administration, especially with 
Rev.1, vary and these can affect the results. Consequently, whole herd or flock 
vaccination can only be recommended when all other control measures have failed. 
When applied, the vaccinated animals must be identified by indelible marking and 
continually monitored for abortions resulting from the vaccine. Positive serological 
reactors and secretors must be removed from the herd on detection. 
It is often recommended that vaccination with strains 19 and Rev.1 should 
be limited to sexually immature female animals. This is to minimize stimulation of 
postvaccinal antibodies which may confuse the interpretation of diagnostic tests 
and also to prevent possible abortions induced by the vaccines. However, field and 
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laboratory studies have demonstrated that conjunctival administration of these 
vaccines makes the vaccination of the herd or flock a practical and effective 
procedure. Rapid herd immunity is developed and application costs are minimized. 
The lowered dose results in lower antibody titres and these recede rapidly. Several 
diagnostic tests have been developed which are useful in differentiating antibody 
classes. Of these, the complement fixation test and ELISA are currently the most 
widely used. Vaccination of animals usually results in elimination of clinical 
disease and the reduction in numbers of organisms excreted by animals which 
become infected. Furthermore, animal owners are more likely to accept 
vaccination as a method of control since they are accustomed to this form of 
disease control. In many countries, vaccination is the only practical and 
economical means of control of animal brucellosis. 
The worldwide trend towards more animal commerce and larger 
populations, along with limited resources, have made the control of brucellosis 
very difficult in many countries. Evaluation of the procedures used for the 
prevention and control of animal brucellosis should be performed. This should 
include surveillance of animals and humans and investigations of outbreaks. 
Procedures, including case definition and diagnostic tests, should be standardized 
and should be flexible enough to allow modification when new information 
becomes available. (Corbel. 2006). 
1.7.2.5 Eradication: 
Eradication means the elimination of a pathogenic agent from a country or a 
zone (i.e. part of the territory of a country with a distinct animal health status). A 
highly organized effort is needed to reach eradication in either a territory and in a 
population. Eradication is conceptually very different from control: it is neither a 
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casual nor an automatic consequence of a control programme, no matter how well 
planned and implemented the control programme is. It is based on sanitary 
measures and on an organization of activities completely different from those 
implemented for a control programme.  
Crucial factors for the success of an eradication programme are the 
implementation of an effective surveillance system with adequate laboratory 
support, and the understanding and sharing of objectives for eradication by the 
decision-makers, farmers, and all other stakeholders. To keep an unaffected 
population free from an infection, prevention measures must be implemented to 
segregate an infectious organism from a geographical area and its human and 
animal populations. Adequate knowledge of the local human and animal 
populations and of the territory is essential. 
The strategies described above for prevention and control can be applied for 
eradication; however, they are not mutually exclusive. 
On a long-term basis, eradication programmes in general are more 
economically advantageous compared to control programmes. This advantage, 
however, cannot always be translated into practice. In fact, an eradication 
programme involves the mobilization of an amount of resources (financial and 
human) that may not be available or whose returns for the investment may require 
a time span longer than any decision-making authority can afford. Cost-benefit and 
cost-effectiveness analysis can be used to support decisions on control strategies. 
However, no in-depth analysis is possible in absence of epidemiological 
surveillance. There is also little doubt that very often failures of control and 
eradication efforts are due to the absence of an adequate epidemiological 
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surveillance system sustaining both technical and political decision-making. 
(Corbel. 2006). 
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CHAPTER TWO 
MATERIALS AND METHODS 
 
2.1 Study area: 
The study area was Eldein area, South Darfur state in western Sudan. The 
region lies between latitude 12°  and 9.5°  N and longitude 28° and 25.5° E. This area 
is one of the main animal rearing areas in the country and possess the large 
numbers of livestock, the cattle population of Eldein area is presently estimated to 
be as 2-3 million. 
The main important breeds of cattle in this area are; Rizeigat breed, also 
there are few other breeds like Kenana, Botana, Ambararow and some cross 
Fresian. 
2.2 Sampling methods: 
Two sampling methods were used in this study as described by Thrusfield 
(2007).The multi-stage cluster sampling (cluster refer to region, herd size and 
animals.) However, selection of clusters (region, herd size and animals) were done 
according to support or willingness of the owner (  Non-probility sample methods). 
2.3 Surveys carried out: 
To collect samples for the study, many places were visited in Eldein area, South 
Darfur state: 
1. Eldein Locality: Eldein vaccination cruch(Nomads), Eldein sloughter house, 
and Eldein cattle market, and others. 
2. Abujabra Locality: Abujabra cattle market and others. 
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3. Bahr Elarab Locality: Bahr Elarab vaccination cruch(Nomads) and others. 
4. Alfardoce Locality: Alfardoce cattle market. 
5. Asalaia Locality: ELGhazala Gawazet, OmElghora, and Asalaia market. 
2.4 Sample collection: 
A total of 250 serum samples were collected from 89herds of cattle (herds 
ranged between 20-500), by venpunture of the jugular vein using vacutainer tubes 
with needle holders (Becton and Dickson). After obtaining blood, and to facilitate 
separation of sera, racks containing blood tubes were either placed inside a small 
box on top of ice or were being put under a shade of a tree either on damped sand 
or in a trough of cold water. After four to five hours, the clots were separated from 
sera by a straight, clean and sterile wire, taking care not to carry over traces from 
one samples to another. Later when sera separated from the clots, the formers were 
collected in the plastic vials with caps, labelled appropriately, placed in the sample 
plastic bags, preserved in a large ice box and transported to the laboratory. The 
distribution of the samples within the herd composition are shown in Table 1. 
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Table (1): Herd composition in different areas of Eldein locality  
Location  Eldein Abujabra Bahar Elarb Asalaia Elfardoas Total 
Breed Rizigat 48(63.2%) 39(79.6%) 50 (92.6%) 5(11.9%) 23(79.3%) 165(66%) 
 Kenana 6(7.9%) 2(4.1%) 2(3.7%) 12(28.6%) 3(10.3%) 25(10%) 
 Butana 13(17.1%) 7(14.3%) 2(3.7%) 25(59.5%) 3(10.3%) 50(20%) 
 Ambrarrow 1(1.3%) 1(2%) 0(0%) 0(0%) 0(0%) 2(0.8%) 
 Cross 8(10.5%) 0(0%) 0(0%) 0(0%) 0(0%) 8(3.2%) 
 Total 76(100%) 49(100%) 54(100%) 42(100%) 29(100%) 250(100%) 
Sex Male 27(35.5%) 7(14.3%) 13(24.1%) 3(7.1%) 29(100%) 79(31.6%) 
 Female 49(64.5%) 42(85.7%) 41(75.9%) 39(92.9%) 0(0%) 171(68%) 
Age 1-3 years 5(6.6%) 6(12.2%) 5(9.3%) 3(7.1%) 0(0%) 19(7.6%) 
 4-6 years 20(26.3%) 15(30.6%) 16(29.6%) 15(35.7%) 10(43.5%) 76(30.4%) 
 7-9 years 48(63.2%) 27(55.1%) 25(46.3%) 18(42.9%) 19(65.5%) 137(54.8%) 
 >9years 3(3.9%) 1(2%) 8(14.8%) 6(14.3%) 0(0%) 18(7.2%) 
 
2.5 Serological tests: 
2.5.1 Rose Bengal Plate test (RBPT): 
The antigen used in the RBPT was obtained from (Research of Veterinary 
Institute), Soba. 
It was prepared and standardized as described by (Alton et al; 1988).  
The serum samples and the antigen were removed from the refrigerator and 
placed at room temperature for an hour then the test was done by dispensing 
0.025ml of each serum to be tested to an enamel plate. 
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The same amount of RBPT antigen was added to each serum and both were 
mixed together, rocked by hand for four minutes after which the test was 
immediately read. 
Agglutination appeared as weak positive, positive, strong positive or very 
strong positive. (Alton et al; 1988). 
2.5.2 Serum agglutination test (SAT): 
The antigen used for SAT was standardized concentrated antigen supplied 
by (Research of Veterinary Institute), Soba. 
The antigen was diluted 1to 12 using 5 ml phenol saline. 
According to Buxton and Fraser (1977), the test was preformed as follows: 
1. Eight test tubes were placed in raw in a rack for each sample. 
2. 0.8 ml of 5% NaCl solution was added to the first tube and 0.5 ml into each 
of the remaining seven tubes using 1ml graduated pipette. 
3. 0.2 ml of serum was added to the first tube of each raw mixed well with the 
5%NaCl by sucking and expelling gently to avoid producing bubbles. 
4. 0.5 ml of mixture as transferred to the next tube, mixed well with the 5% 
NaCl, then 0.5 ml was transferred to the third tube. 
5. Doubling the dilution was continued up to 8 tube then 0.5 ml from the last 
tube was discarded. 
6. 0.5 ml of the antigen was added to each tube. 
7. Control positive tubes containing equal amounts of antigen and known 
positive serum were included in the test. 
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8. Control negative tubes containing equal amounts of antigen and known 
negative serum were included in the test. 
9. After shaking, the tubes were incubated at 37c overnight. 
The test was read by examining the tubes against a back background with light 
coming from behind the tubes A positive reaction is one in which the serum –
antigen mixture is clear and agglutinated antigen appears at the bottom of the tube 
.Gentle shaking  does not disrupt the floculi. This is a complete agglutination and 
is recorded as ++++.In partial agglutination serum-antigen mixture is partially 
clear and gentle shaking does not disrupt the floculi, this was recorded as +++or++. 
Some sedimentation as + and no clearing as negative reaction. (Alton, 1975). 
2.6.3 Enzyme linked Immunosorbant Assay (ELISA): 
Competitive ELISA: 
COMPLISA (Veterinary Laboratoty Agency, New Haw, Addlestone, Surrey 
KT 15 3NB United Kingdom. Version 2.0, June 2009). 
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Kit Contents:  
All the following were included in the kit before proceeding. Refrigerate kit 
immediately on arrival and stored conjugate@ -20ºC.  
Plates:    Plates pre-coated with B. melitensis  
LPS antigen 
Lid 
Diluting buffer:  Tablets of phosphate buffered saline (PBS)  
Phenol Red Indicator 
Tween 20 
Wash solution:   Na2HPO4 
Tween 20 
Conjugate:    As supplied (store at @ -20ºC) 
Chromogen:   OPD tablets (Warning: Toxic!) 
Substrate:    Urea Hydrogen Peroxide tablets  
(Warning: Irritant!) 
Stopping solution:   Citric Acid 
(Warning: Irritant!) 
Control:    Positive serum, Negative serum 
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Equipment Required:  
Microtitre plate reader with 450nm filter.  
Single and multichannel variable volume pipettes.  
Disposable tips for the above.  
Reagent troughs for multichannel pipetting.  
10 liter container for wash fluid.  
4ºC ± 3ºC refrigerator.  
Rotary shaker, capable 160Rvs/Min (or a 37ºC ± 3ºC incubator).  
Microtitre plate shaker.  
Sterile distilled or deionised water.  
Bottles tubes and beakers for storage of sera and reagents.  
Absorbent paper towels.  
Freezer for storage of conjugate.  
Notes:  
The microtitre plate reader was not essential as an assessment of the results 
can be performed visually. 
The use of an incubator and or shaker is preferable, but by adapting the 
method their use is not essential. 
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Reagent Preparation: 
· Reagents provided are sensitive to changes in temperature and light. They 
must prepared and stored as per instructions if they were effective in the test. 
· Very clean glassware and pure distilled water were vital for the preparation 
and storage of reagents. 
Diluting Buffer: 
Diluting buffer were prepared by adding 5 tablets of PBS, 0.5m1 phenol red 
indicator and 250µl of Twenty  to 500 m1distilled water. The pH between 7.2 and 
7.6 phenol red were turn yellow below pH 7.2 and violet above pH 7.6. The buffer 
were discarded if this happens. Stored at 4°C ± 3°C. Do not keep for more than 1 
month. 
Wash Solution: 
The wash solution were prepared by adding the contents of the ampoule of 
Na2HPO4 and 1ml of Tween 20 to 10 litres of distilled water. This stored at room 
temperature (21°C ± 6°C). Do not keep for more than 1 month. 
Conjugate: 
Once the conjugate has been prepared according to instructions on the 
ampoule, it must not be stored. 
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Stopping Solution: 
The stopping solution was prepared by diluting the contents of the ampoule 
of citric acid with 38m1 of distilled water. Stored at 4°C ± 3°C. Do not keep for 
more than 1 month. 
Controls: 
Reconstituted each of the positive and negative control samples included in 
the kit with 1 ml sterile distilled water. Allowed to stand until an even suspension 
was obtained. Entire contents are completely resuspended before use. Stored at 4°C 
± 3°C. If the control samples were keeping more than 1 week, store at -20°C ± 5°C 
in aliquots. 
Method: 
1. The conjugate solution were prepared. Diluted to working strength with 
diluting buffer according to instructions on the ampoule label.  This solution 
cannot be stored. 
2. 20µl of each test serum were added per well. Columns 11 and 12 left for 
controls. 
3. 20µ1 of the negative control were added to wells All, A12, Bl1, B12, C11 
and C12. 
4. 20µl of the positive control were added to wells F11, F12, Gil, G12, H11 
and H12. 
5. The remaining wells have no serum added and act as the conjugate controls. 
6. Immediately dispensed into all wells 100µl of the prepared conjugate 
solution. This gives a final serum dilution of 116. 
7. The plate is then vigorously shaken (on the microtitre plate shaker) for 2 
minutes in order to mix the serum and conjugate solution. The plate were 
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covered with the lid and incubated at room temperature (21°C ± 6°C) for 30 
minutes on a rotary shaker, at 160 revs/mm. 
8. The contents were shaken out of the plate and rinsed 5 times with washing 
solution and then thoroughly dried by tapping on absorbent paper towel. 
9. Switched on microplate reader and allowed the unit to stabilize for 10 
minutes. 
10. Immediately the substrate were prepared before use and chromogen solution 
by dissolving one tablet of urea H2O2 in 12m1 of distilled water. When 
dissolved the OPD tablet were added and mixed thoroughly. This take a few 
minutes, the use of a magnetic stirrer greatly increase the speed with which 
it dissolves. l00µl were added to all wells. This solution cannot store. 
11. The plate left at room temperature for a minimum of 10 minutes and a 
maximum of 15 minutes. 
12. The reaction slow by adding 10Ojl of stopping solution to all wells. 
13. Condensation from the bottom were removed of the plate with absorbent 
paper towel. plate were read at 450nm. 
Analysis of Results: 
The lack of colour development indicated that the sample .tested was 
positive. A positive/negative cut-off could be calculated as 60% of the mean of the 
optical density (OD) of the 4 conjugate control wells. Any test sample giving an 
OD equal to or below this value was be regarded as being positive. 
Plate Rejection: 
The results were considered invalid if any of the following apply; the mean 
OD of the 6 negative control wells is less than 0.70.0. (The optimal mean negative 
OD is 1.000). 
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The mean OD of the 6 positive control wells is greater than 0.100. 
The mean OD of the 4 conjugate control wells is less than 0.700 (the optimal 
mean conjugate control OD is 1). 
The binding ratio is less than 10. 
Binding Ratio  =   Mean of 6 negative control wells  
Mean of 6 positive control wells 
Figure (1): Microtitre plate layout of ELISA 
 
C   Conjugate control   + Positive control  
T   Test sample    - Negative control  
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2.6 Data analysis: 
SPSS version 19 was used for the data analysis. Descriptive statistic was 
used for the results as count and percentage. While, Chi-square was employed for 
assessing the relationship between various factors and presence of brucellosis . 
 It was difficult to use sensitivity and specificity for evaluation of serological tests 
in this study because the gold standard was absent, then the agreement  between 
tests (Kappa Statistic) was used without assuming one test was best. Kappa statistic 
ranges from one (Complete agreement) to zero (no agreement). Other point 
estimates according to Thursfield (2007) are: 
0-0.2:    slight agreement 
0.21-0.40 fair agreement 
0.41-0.61: moderate agreement 
0.61-0.80: substantial agreement 
>0.81:   almost perfect agreement 
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CHAPTER THREE 
RESULTS 
 
A total of 250 serum samples from 89 herds were examined in different 
areas of Eldein locality. Twenty four cases (9.6%) of abortion, 20 cases (8%) of 
retention of placenta and 3 cases (1.2%) of knee hygromas were observed in the 
study area (Table 2) (figures 2,3and 4). 
A total of  250 cattle were examined for brucellosis in Eldein  locality and 
21 (8.4%)  serum  samples were positive for the Rose Bengal Plate (RBPT), 50 
(20%)  serum samples were positive for Serum Agglutination Test (SAT), and 5 
(2%) serum samples were positive for competitive ELISA (cELISA)  as 
confirmatory test (Table 3). The sex, age and breed were not associated with the 
disease according to statistical analysis (P<0.05)(Table 4). A high prevalence rate 
of the disease was recorded in Abujabra area and out of 49 serum samples tested, 6 
(12.24%) were positive by RBPT, 10 (20.4%) by SAT, and 4 (8.16%) by cELISA. 
A low prevalence rate was recorded in Afardoas area and out of 29 serum samples 
tested, 3 (10.34%) were positive by RBPT, 10(11.9%) by SAT.  
In this study, three types  of serological test were used, namely RBPT, 
SATand cELISA and there was a significants difference  between these tests 
according to statistical analysis (P<0.05). Agreement between tests (Kappa 
Statistic) indicated that RBPT and SAT had moderate agreement (Kappa=0.547), 
RBPT and cELISA had fair agreement (Kappa=0.364) and SATand cELISA had 
slight agreement (Kappa=0.158) (Table 5). cELISA was more sensitive and 
reliable test in field. 
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Table (2): Clinical signs of brucellosis in different areas in Eldein locality: 
 
  Eldein Abujabra BahrEl 
Arab 
Asalia Elfardoas Total 
Abortion Yes 10(13.2%) 4(8.2%) 5(9.3%) 5(11.9%) 0(0%) 24(9.6%) 
 No 66(86.8%) 45(91.8%) 49(90.7%) 37(88.1%) 29(100%) 226(90.4) 
Retention of 
placenta 
Yes 6(7.9%) 1(2%) 5(9.3%) 8(19%) 0(0%) 20(8%) 
 No 70(92.1%) 48(98%) 49(90.7%) 34(81%) 29(100%) 230(92%) 
Hygroma Yes 0(0%) 2(4.1%) 0(0%) 1(2.4%) 0(0%) 3(1.2%) 
 No 76(100%) 47(95.1%) 54(100%) 41(97.6%) 29(100%) 247(98.8%) 
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Table (3): Distribution of positive reactors in animals in different areas in 
Eldein. 
 
Location No. of positive sample 
RBPT SAT cELISA 
Eldein 
Abujabra 
Bahr El Arab 
Asalia 
Alfardoas 
5(6.6%) 
6(12.2%) 
3(5.6%) 
4(9.5%) 
3(10.3%) 
15(19.7%) 
10(20.4%) 
10(18.52%) 
55(11.9%) 
10 (11.9%) 
1(1.3%) 
4(8.16%) 
0,(0%) 
0,(0%) 
0,(0%) 
Total 21(8.4%)   50(20%) 5(2%) 
 
 
Table (4): Association between some factors and occurrence of the disease 
 
Factor Chi- Square P-value Interpretation 
Breed 5.249 0.0263 Not significant 
Age 1.629 0.599 Not significant 
Sex 0.32 0.858 Not significant 
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Table (5): Agreement between serological tests (Kappa Statistic) 
 
 
Tests Kappa statistic Interpretation 
RBPT and SAT 0.547 Moderate 
agreement 
RBPT and cELISA 0.364 Fair agreement 
SAT and cELISA 0.158 Slight 
agreement 
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Figure (1): Distribution of positive reactors by RBPT in Eldein locality. 
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Figure (2): Distribution of positive reactors by SAT in Eldein locality 
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Figure (3): Distribution of positive reactors by cELISA in Eldein locality 
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CHAPTER FOUR  
DISCUSSION 
 
In this study, the results showed that the prevalence rate of bovine 
brucellosis in cattle in Aldein area   was 8.4%based on (RBPT), 20%, based on 
SAT and 2% based on cELISA. (Table 3). And this disagreement between tests 
could be attributed to less sensitivity of (RBPT) and SATdue to antibobies against 
cross reacting but cELISA was found to be more sensitive than the other 
tests.(table4). The high prevalence rate was in Abujabra in Eldein area and this 
could be attributed to the fact that it has a very large numbers of livestock and 
Abujabra is bordering West Kordofan and shares international boundaries with 
Rebulic of South Sudan and a large transboundary movements of animals between 
these areas. But the low prevalence rates was in Alfardoas and this might be 
attributed to fewer number of animals compared to other areas. The prevalence rate 
was similar to those reported by other investigators in the country especially in 
Eldein area and areas with similar husbandary methods. Musa (1995) reported 
15.75% prevalence  rates of the disease in cattle in Eldein area .The finding of this 
work are in some difference with Musa this could be attributed to the large sample 
size (946) compared with 250 samples in this study but small herds used by Musa  
(about23) compared with  this study (89).Other point Musa reported the prevalence 
rate from different tests and  he found 65 positive by CFT;16 by SAT;18by MRT; 
8 by Competitive ELISA;39 By RBPT and Competitive ELISA and three by strong 
or very strong RBPT positive results. Similar results from Musa reported 15.8% 
prevalence rates of the disease in cattle in Bram area and this locality bordering 
Eldein area .Also Musa found that the prevalence rate of the disease in cattle of 
some close locality in great Darfur state   is 22.2% in Idd El Firsan Locality, 9.6% 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϲϴ 
 
in Nyala locality, 12.8% in Wadi Salih Locality, 8.8% in Zalingei Locality. Yousif 
(2010) reported 10.3% prevalence rates of the disease in West Darfur state. For 
instance in Southern Sudan before split El Nasri (1960) repotted 14.6% to 18% 
prevalence rate of the disease in cattle. Recently, in the areas, Baumann (1983) 
studied brucellosis in Madi-Dinka in Ambrarrow cattle and reported that 6.5% and 
22.5% prevalence rate, respectively. Dafalla (1962) found the rate of the disease 
between 8.7% and 10.7% in cattle in the Gezira, Central Sudan and 15% in cattle 
in South Kordofan .In North Kordofan Ibrahim and Habiballa (1975) found 14.2% 
and 66.7% prevalence rate of brucellosis in cattle. Mustafa and Hassan (1969) 
reported 5.7% and 8.7% prevalence rate in nomadic cattle in Blue Nile. In 
Northern Sudan Abdalla (1964) reported 3% brucellosis prevalence rate in 
villagers cattle, and recently, Fayza, El Sheikh, Zakia, Halima, Suliman and Osman 
(1989-1990) reported 15.73% brucellosis positive case in cattle. T. E. E. Angara1 
(2007); A. A. Ismail2 (2007); H. Agab1 (2007) and N. S. Saeed (2007) the 
prevalence of bovine brucellosis in Kuku Dairy Scheme (Sudan) found to be 
24.9% based on c-ELISA. Khalid (2006) reported 23.1% the prevalence rate in 
cattle in Khartoum. Shigidi, (2010) Reported in different states of the Sudan and 
prevalence rate of the disease ranges from 3-40%. 
Similar results were made by other investigators in some African countries, 
Salim and Arush (1883) reported 15.5% prevalence rate of the disease in cattle in 
Somali Rebpulic. Bafala (Guinea Bissau) with 18.6% prevalence rate and the three 
Districts of Guinea, Dubreka (12.7%), Boke (6.3%) and Coyah (5.9%) whereas in 
Gabu - Guinea Bissau the prevalence rate was found to be 5.7% and in Forehcariah 
it was found to be 3.8%.  
The Gambia (1.1%), Senegal (0.6%) and the District of Labe in Guinea 
where the disease was absent (Unger et al., 2003). 
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The study revealed that, Brucellosis appears to be widely spread in Eldein 
area. 
The existence of brucellosis in the Eldein area coupled with the lack of 
control measures especially in the traditional sector which maintain the vast 
majotity of animal wealth in Darfur .Methods of husbandry were found to be the 
major factors responsible for the spread of the disease. And the highest prevalence 
rate of brucellosis were found in nomadic cattle, and this is attributed to the fact 
that millions of cattle move continuously throughout the year, along particular 
routes making contacts between infected cows and healthy ones. 
In this study, three types of serological tests were used, namely RBPT, SAT 
and cELISA. RBPT and SAT were used as screening tests for Brucella antibodies 
in serum, while the cELISA were used as confirmatory test. The RBPT was 
recommended by many investigators to be used for screening test for brucellosis 
(Brinley-Morgan et al; 1969 and WHO Report, 1992). In this study 21samples 
were positive for RBPT, but this was confirmed by SAT and cELISA. 
Furthermore, the test was reported to be more sensitive but less specific (Davis, 
1971). cELISA in this study used as confirmatory test and more sensitive with high 
specificity than two other  test ,although the results obtained by cELISA.  
 
 
  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϳϬ 
 
CONCLUSIONS AND RECOMMENDATION 
 
Conclusions: 
· According to this study; it could be concluded that, the prevalence of 
brucellosis in cattle in Eldein area is similar to that reported in the other 
parts of the country. 
· Close vicinity to Republic of Southern Sudan and North Kordofan state 
resulted in high incidence rate of brucellosis, due to free animal movement. 
 
Recommendation: 
· Number of samples used in this study were too small compared to the animal 
populations sampled, so, it is recommended that, sample size should be 
representatives in further researches. 
· Control and eradication of brucellosis requires at least four different 
coordinated measures: vaccination, diagnosis, removal of reactors and 
epidemiological surveillance. 
· Due to lack of public health awareness and extention programmes in this 
area, work should be directed to human brucellosis to evaluate the impact of 
the disease on the public health. 
· There should be  co ordination with the related authorizes in the Republic of 
Southern Sudan to determine the magnitude of spread of the disease in the 
areas around the borders to adopt effective control programmes in these 
areas. 
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